Abstract.-By means of i n e l a s t i c neutron s c a t t e r i n g we have measured t h e phonon d i s p e r s i o n curves i n t h e main symmetry d i r e c t i o n s o f t h e cubic Laves phases YA12 and LaA12. The phonon f r e q u e n c i e s i n LaA12 a r e considerably s o f t e r than those of Y A~ which cannot be explained s o l e l y by t h e d i f f e r e n t atomic masses of La and 3. The experimental d i s p e r s i o n curves a r e w e l l des c r i b e d by a x i a l l y symmetric Born v. Khrmh models t a k i n g i n t o account i n t e ra c t i o n s up t o the fifth n e a r e s t neighbors. From t h i s a n a l y s i s we f i n d t h a t t h e n e a r e s t neighbor A1-A1 and TM-TM l o n g i t u d i n a l force-constants o f YA12 a r e about twice those of LaA12 whereas t h e TM-A1 i n t e r a c t i o n s a r e n e a r l y equal.
YA1 and LaAl belong t o t h e group o f c u b i c Laves-phases of type AB2. I n t h i s s t r u c -2 2 t u r e t h e A-atoms form a diamond l a t t i c e . The remaining t e t r a h e d r a l s i d e s a r e occup i e d by r e g u l a r t e t r a h e d r a of t h e B-atoms. The Bravais l a t t i c e i s FCC, t h e p r i m i t i v e c e l l c o n t a i n s 6 atoms. Today more than 150 r e p r e s e n t a t i v e s of t h i s s t r u c t u r e a r e known, about 35 o f wbich a r e superconaucting. T h e~o t k % r = t i~~s f o r our s t u d i e s of Y.a2
and LaAl a r e twofold: On one hand we want t o have a b e t t e r understanding of t h e l a t -2 t i c e dynamics of such a common s t r u c t u r e ; on t h e o t h e r hand it i s of i n t e r e s t t h a t LaAl has a superconducting t r a n s i t i o n temperature of 3.2K whereas YA12 i s nonsuper-2 conducting a t l e a s t down t o 0 . 3 4~' . Recently r e l a t i o n s between superconducting and l a t t i c e dynamical p r o p e r t i e s have been s t u d i e d f o r two o t h e r p a i r s of compounds: 2 YB6 (Tc=7 .IK) -LaB6 (Tc=.45K) and YS (Tc=2 .8K) -LaS (~~= . 8 4~)~'~. Note t h a t i n those cases t h e Y compounds have t h e h i g h e r Tc values. For YB6 t h e high Tc i s c o r r e l a t e d w i t h a s t r o n g reduction of t h e t r a n s l a t i o n a l phonon frequencies compared with LaB 6 whereas f o r YS and LaS almost i d e n t i c a l dynamical f o r c e s have been found.
Calorimetric measurements5 and i n v e s t ig a t i o n s o f t h e e l a s t i c c o n s t a n t s 6 have shown, t h a t t h e Debye temperature of
LaM2 behaves anomalously compared t o o t h e r r e l a t e d nonsuperconductinq com- Table 1 : Debye temperature of v a r i o u s MeA1, compounds pounds (see Table 1 ). A f t e r c o r r e c t i n g L -a e l a s t i c c o n s t a n t s 6 b s p e c i f i c h e a t 5 t h e experimental OD-values f o r t h e i r dependence on t h e molecular masses almost i d e n t i c a l values a r e obtained f o r YA12, * P r e s e n t address : I n s t i t u t e of Atomic Energy, Academia S i n i c a , Peking, China 
i n t f r e q u e n c i e s t h e c o r r esponding v i b r a t i o n a l modes a r e i n d i c a t e d . The curves t o t h e r i g h t were c a lc u l a t e d w i t h t h e parameters o f YA12 u s i n g t h e atomic mass o f La.
GdA12 and LuA12 whereas t h e v a l u e s f o r LaA12 a r e considerably lower.
W e performed measurements of both t h e phonon d e n s i t i e s o f s t a t e s and t h e phonon d i sp e r s i o n curves o f YA12 and LaA12 a t t h e Karlsruhe r e s e a r c h r e a c t o r FR2 by means o f i n e l a s t i c neutron s c a t t e r i n g . F i g . 1 shows t h e d i s p e r s i o n curves o f YA12 and LaA12 a t 296K i n t h e t h r e e main symmetry d i r e c t i o n s . The f u l l curves were c a l c u l a t e d with a 10 parameter a x i a l l y symmetric Born v.
K 6 m h model f i t t e d t o t h e experimental d a t a . The dashes l i n e s i n d i c a t e t h e s l o p e s of t h e a c o u s t i c branches a t t h e r p o i n t a s c a l c u l a t e d from t h e e l a s t i c c o n s t a n t s 6 . The d i s p e r s i o n curves f o r t h e Cl00l d ir e c t i o n on t h e r i g h t s i d e of Fig. 1 have been c a l c u l a t e d w i t h t h e model parameters of YAl b u t using t h e atomic mass of La. By comparing t h i s s e t of d i s p e r s i o n curves 2 with t h e corresponding experimental d a t a o f LaA12 " t r i v i a l " e f f e c t s caused by t h e d i f f e r e n t atomic masses o f Y and La a r e e l i m i n a t e d . Besides t h e t o r s i o n a l mode a t
24 meV a l l branches o f LaA12 a r e considerably lower. Q u a n t i t a t i v e information about t h e i n t e r a c t i o n s can be obtained from t h e parameters of t h e Born v. MrmSn models which a r e l i s t e d i n Table 2 . The t h r e e l o n g i t u d i n a l force-constants o f t h e n e a r e s t neighbor i n t e r a c t i o n s of A l -A l , Me-A1, Me-Me (Me=Y, La), r e s p e c t i v e l y a r e dominant. They l a r g e l y determine t h e p o s i t i o n s of t h e v a r i o u s phonon branches. For YA12 t h e force-constants f o r t h e A1-A1 and Y-Y i n t e r a c t i o n s a r e about twice a s l a r g e a s t h e corresponding v a l u e s of LaA12. I n c o n t r a s t t h e Me-A1 force-constants a r e about e q u a l f o r t h e two compounds. The Table g s t a t e s determined from neutron KBrm2n models f o r LaA12 and s c a t t e r i n g experiments and from
i v e s a l s o t h e inv e r s e t h i r d moment of t h e phonon d e n s i t i e s of s t a t e s c a l c u l a t e d from t h e models.
YA12.
models f i t t e d t o t h e experimental d i s p e r s i o n curves.

They agree w e l l with those values obtained from t h e e l a s t i c c o n s t a n t s . The comparison with t h e Debye temperatures from c a l o r i m e t r i c measurements seems t o i n d i c a t e t h a t t h e phonon d e n s i t i e s of s t a t e s do n o t change much between O K and 300K. However, d i sc r e p a n c i e s e x i s t between t h e c a l c u l a t e d and experimental s p e c i f i c h e a t s i n t h e tem-
p e r a t u r e xange between 5 and 20K which might be explained by a pitonon softenirig outs i d e t h e e l a s t i c region a t low temperatures. I n Fig. 2 we compare t h e g e n e r a l i z e d phonon d e n s i t i e s of s t a t e s c a l c u l a t e d from our models with those determined from s c a t t e r i n g law measurements using powder samples. From r e c e n t bandstructure c a l c u l at i o n s of Hasegawa and yanase7 we must conclude t h a t t h e anomalously s o f t phonon spectrum of LaA12 i s n o t caused by t h e i n f l u e n c e o f f -e l e c t r o n s . The f-bands of LaA12
l i e about 3 eV above t h e Fermi energy EF and t h e f-components i n t h e e l e c t r o n s t a t e s near EF a r e l e s s than 10%. Below EF t h e b a n d s t r u c t u r e s o f LaAl and YA12 a r e very 2 s i m i l a r , only c l o s e t o EF t h e r e a r e some d i f f e r e n c e s which according t o t h e s e authors a r e caused by a s t r o n g e r p-d h y b r i d i s a t i o n i n t h e case of LaA12. Whether t h e s e d i ff e r e n c e s account f o r t h e occurence of superconductivity and e x p l a i n t h e r a t h e r s o f t phonon spectrum o f LaA12 cannot he answered a t p r e s e n t . 401 (1972) R.J. S c h i l t z and J.F. Smith, J.Appl.Phys. 45, 4681 (1974) A. Hasegawa and A. Yanase, J.Phys. F 10, 847 (1980) and J.Phys. F 0, 2207 (1980) LaA12   15221  990  10869  -389  10230  2149  1932  -65  3358  279 
